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We tested the hypothesis that recombinant human deoxyribonuclease 1 (rhDNase) reduces airflow 
obstruction and improves mucociliary clearance in patients with cystic fibrosis (CF), and that improve- 
ments seen in FEVi and FVC after rhDNase treatment are independent of chest physical therapy (CPT). 
CF patients inhaled placebo (10 patients) or 2.5 mg rhDNase aerosol (10 patients) twice a day for 
six consecutive days. Compared with baseline, there were no statistically significant differences be- 
tween the two study groups by Day 6 for indices of airflow obstruction obtained from gamma-camera 
images of the right lung following inhalation of 99m Tc aerosol, or for mucociliary clearance or the rate 
of clearance of the radioaerosol, quantified over a 6-h period. By Day 6, FEVi and FVC were signifi- 
cantly higher in the rhDNase-treated group than in the placebo group, increasing by an average of 
9.4 ± 3.5% and 12.7 ± 2.6%, respectively, as compared with a decrease of 1 .8 ± 1 .7% and an increase 
of 0.4 ±1.1%, respectively (p < 0.05). There was no significant change in the FEVi /FVC ratio on Day 
6 (0.68 ± 0.05) compared with baseline (0.70 ± 0.05) in the rhDNase group. On Day 6, FEVi and FVC 
decreased after CPT in both study groups, but the decreases were not significant. Our results indicate 
that aerosolized rhDNase improves FEVi and FVC independent of CPT. We were unable to demon- 
strate that rhDNase reduces airflow obstruction or improves mucociliary clearance. Laube BL, Auci 
RM, Shields DE, Christiansen DH, Lucas MK, Fuchs HJ, Rosenstein BJ. Effect of rhDNase on air- 
flow obstruction and mucociliary clearance in cystic fibrosis. 
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A defect in the cystic fibrosis (CF) gene on chromosome 7, which 
regulates electrolyte transport in lung epithelial cells, leads to a 
threefold increase in transepithelial sodium absorption and a de- 
crease in chloride secretion in CF patients (1). This abnormality 
is associated with the production of thick, viscous mucus that 
favors bacterial colonization, the accumulation of inflammatory 
cells, airway damage, and airways obstruction. Deoxyribonucleic 
acid (DNA), released by inflammatory cells at concentrations 
of 3 to 12 mg/ml (2, 3), further increases the viscosity of CF 
sputum. In vitro, the addition of purified recombinant human 
DNase 1 (rhDNase) to CF sputum hydrolyzes extracellular DNA, 
reduces the viscoelastic properties of the sputum, and transforms 
the sputum within minutes from a nonflowing viscous gel to a 
flowing liquid (4). Results of a Phase II, multicenter, placebo- 
controlled, double-blind, randomized study showed that 10-d ad- 
ministration of three doses of aerosolized rhDNase (0.6, 2.5, or 
10.0 mg twice daily) improved FVC by 10 to 12% and FEV, 
by 10 to 15<fo in a group of 181 CF patients (5). A Phase III mul- 
ticenter study demonstrated that administration of 2.5 mg rhD- 
Nase once or twice daily reduced the risk of respiratory tract ex- 
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acerbations requiring parenteral antibiotics by 28 Vo and 37% 
respectively, relative to placebo over a 24-wk period in 968 pa- 
tients with CF (6). In addition, FEV, increased by approximately 
6% in rhDNase-treated patients. Taken together, these data in- 
dicate that the health status of some patients with CF appears 
to be significantly improved by the administration of rhDNase, 
Nevertheless, the mechanism by which rhDNase improves pul- 
monary function and reduces the rate of respiratory exacerba- 
tions is unclear. 

Studies using gamma-camera imaging technology have shown 
that CF patients and other patients with airflow obstruction de- 
posit radiolabeled aerosols inhomogeneously as compared with 
normal subjects (7-12). In a previous study, we demonstrated 
that inhomogeneity in aerosol deposition, quantified by changes 
in the deposition parameter known as skew, was significantly re- 
duced in a group of CF patients with severe airways obstruction 
following hospitalization for a pulmonary exacerbation.and in- 
tensive treatment with antibiotics, bronchodilators, and chest 
physical therapy (CPT) (13). The FEV./FVC ratio (an index of 
airflow obstruction) was also improved. These results suggested 
that improved homogeneity in aerosol deposition may have been 
related to a reduction in airflow obstruction, perhaps because 
of decreased mucoid impaction or atelectasis. 

In the present study, we hypothesized that one mechanism by 
which rhDNase treatment improves pulmonary function is by 
altering CF mucus such that regional and/or local obstruction 
to airflow within the lungs is reduced. We tested this hypothesis 
by quantifying the distribution homogeneity of a radiolabeled 
aerosol in the lungs of rhDNase-treated patients and those given 
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placebo, using gamma-camera imaging techniques. Alternatively 
we hypothes,«d that rhDNase treatment improves SonS 

y ,uil hypothesis by quantifying the removal of the ra- 
diolabeled aerosol from the lungs of the two study groups over 
dm* It was assumed that measurement of changes in 
uca.ai.cc wou.a oe valid only if deposition indices did not change 
asaresultof treatment. Thusjf the deposition paUerieS 
n.r.cantly a tered as the result of rhDNase treatment (irTcen- 
Iral deposit,™ pattern became more of a periphery pattern) 
rt would not be possible to distinguish between the eftefofrnD- 

NaseanddepositionlocationonmucociliarydearancTraS 
u because depos tion pattern perse is aWajor deSnanl o 
themucoahary clearance of material deposited in ttaZ^nd 

FVC lSr°r h hnM hai ? d 0,31 im P rov «nients seen in FEV, and 
Sl ra „ll ? NaSC Ueatmcnt " e in ^Pcndent of mechanical 
clearance mechanisms resulting fromCPT. We tested thishypoS 
esis by comparing FEV. and FVG measurements befo eS af- 
ter CPT in the treatment and placebo groups. 
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METHODS 
Protocol 

J^J^ t ? C01 . described herc was ^proved by the Joint Committee on 
ClHUcal Investigations of the Johns Hopkins Medical InsuSs In 

ate, double-blind, placebo-controlled trial in which patients were ™» 
dormzed to receive 2.5 mg of rhDNase aerosol or plac^WosoHwIce 
J? ?^ COns * utive da * s - Th* RhDNase and placebo ae^sob were 
generated from 2:5 ml of rhDNase excipient (placebo) or 2 i nTo] 

SSSST 5 vA^ S ° ,Uti0n - Usin 6 « Hudson T Up-DraftH nebular 
ffludson RC Imne, CA) that was attached to a Pulmo-Aid a^ com 
pressor (DeV. biss. Somerset, PA). During a 10- to iT-mta trea^t" 
period^ aerosol was generated continuously by the compress" rS< 

ft00 P . M . schedule Each patient was instructed to inhale drue at the 
«»e time each day. Morning doses on Days 1, 2. and 16 were K « 

SSST^r dOSCS ^ ^ministered af home 
.hJ I • CPTon changes in pulmonary function was assessed 

coc^/r* 0 ' rhDNa$eCn aeroso1 di «ribution homogeneity and mu- 
cociliary clearance was quantified from gamma-camera imaee7«fT, 

•to the second spirometnc measurement. Sequential images of me hue 
^obtained irmned.ately after ndlomorthtoUtoJd£S& 

Patient Population 

SSTt™ *" d ^ 8 docum ««ed sweat chloride con- 
one fi„,? ™ Eq/L ^ " uanti ^ve pilocarpine ionophoresis and 
sicl™ "f C ° nS1Stent Wi,h 11,6 diniciU dia 8»osis of CF. OtheT Tnclu 

^ male or femak s «- a 8e > 18 yr. an FVC b"- 
«*een 35 and 75% predicted for height and age or a BrJfieM rh~, „ 
Aograph score (14) of < 20 within 7 d ofX StK 

22? ^ p 5 rformance <> f daily CPT at the time of thTstudy and 
*fficaey Assessments 

^Lt^"" 1 ho . mo * eneit y- effect of rhDNase on aerosol 
«"tnbut.on homogeneity was quantified from a large field-of vi«J 
« am » a «™erafTechnica^^ 



l°nd°6 Wi TL ,h ^! ,hala,i0 ? ° f 8 radi ° ae "«ol at baseline and on Days 2 

The Hudson nebulizer was attached to a Pulmo-Aid air comnressor 
reguaSS^ 

n ? n,,nu ^. unti, ^ Uen " a «tained their touj lung capadtvT^ 

^iM^ST^ ^ dC$Cribed in d «aKo2y 
ih, n.l .• i MC L h ,nha, a«on, patients removed their mouths from 

3 Sma " PaS,ry and drank waterpriorTo clm»c : 
^"ontobeaccura^ 

sols had to be similar. In the case of rhDNase. aerosol was derated 
conunuously as described earlier, whereas the radK^^S? 

troumg the t me of each aerosohzation with the dosimeter it was Dossi 

duZZ ,t d T" * Ul i m ° dify ,he Panicle-size distribution^! 
duced by the nebuhzer. For this reason, a Malvern Master Sizer (MM 
vern Inc. Amherst. MA) was used to measure the part e eS £5 " 

Thl^f^T 1 g r rated With either continuous or inlermi te^t Ho" 
The total number of sweeps of the Malvern detector elemenu wL ad 

tne dosimeter. The median diameters of the particles produced fnZ 
1 mg/ml rhDNase solution and -Tc sulfur colloid for b«h SnS 
ous and intermittent delivery were compared 

hr^C 1 A ^ ame ,^J m ° gi '' gpmcedures - p a«ents discontinued inhaled 
bronchodilators 12 h and oral bronchodilator* u h h.r„„ I • ■ 
procedure. At baseline. V^S^^iSSS^^ 
imagmg procedures of the posterior lungs- W a 5-mTn^nS 
to provide lung boundaries^) a 3oJSJS2 SSSESS 
rebreathing xenon-133 gas generated bv a P.iimn„« v ^ 

oration 0 Pr ^% C °r P ' ^ ^^.JaSLiSlSS 
bration; and (3) a S-min aerosol scan after the inhalation of su 

IXt'^^f C ima8eS f0f ,he ana, y ses of ^ributionhomog^ y" 
and mucochary clearance. On Days 2 and 6 of treatment the aS 

256 p cture element (pixel) matrix. Images were stored on a oUend Hec. 

,,com P u,w (St. Albans. Hertfordshire. England) torSS 
riohM na " 0 "* ^"^distribution homogeneity. Image^f the 
r^ht lung were analyzed in terms of: (7) values of skew (a measure of 

d n T n ^r aS ^ e,ry)i(2)theratioofcountsof ' ad 'oac vhySed 
1„H r, 20 ",* (C0m P0 sed anatomically of large and small airways 

and an r° U,ef ^ (Sma " airwa ^ and «^)KSo? 

and (J) the ratio of counts of radioactivity detected in an aoical >nrf 
basaltlnrdof the lung (A: B ratio). Lower skew ^£23 

fo^„d ,0 A n B 0m r 8en f V ° n 3 PW Pixel ' or ,oeaI "'Sis. within 

I.O and A:B ratios closer to 1.00 indicated increased homogeneity in 

aerosol deposition on a more regional basis. Analyses ofX* eft hZ 

M *cl I in 'th*™"- Hable "r*-- radi0,abel that wa$ sallowed ap^ 
peared in he gastrointestinal tract, and this activity often overlapped 
with activity in the left lung image. enappea 
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Skew Analysis 

f^Y**^ 0 " hist °e rams were constructed from deposition im- 
* g ?k ?, e ,« g ^' Ung at baseline and 00 Davs 2 and 6, as previously 
desenbed (13). The number of pixels with agiven count value (expSd 
as a percentage of total pixels) appeared on the y axis and ffiS 
values appeared onthex axis. Histograms were analyzed for sKing 

an equation described n« ! vio U < ! iv n %\ r^, . u l„ ,„„_,. B 

was defined in absoluie iermV'as. : "" " *~" va "'P a " cni 

Change in skew = Skew (time X) - Skew (baseline day). (I) 

Regional Analyses 

The right lung border and inner, outer, apical, and basal zone bound- 

Sw, firS t t h de ' ineated i0 ,he ,ung tra °«ni"io» scan Sregiona 
borders were then superimposed onto the ventilation scan and the two 

EZL^T ^I^T^ 0 " ^ wwed to define thelungKs 
&S,h " 8 b . ounda ? es sh °* n i" the ventilation scan in some pa 
tients with severe airway obstruction were incomplete. By using the trans 
rn.ss.on scan, it was possible to define the lung boundLTon tS 
sequent three scans^ making regional data in eacr fof the scaiu^c^mSfe 

ti^SKh^ 65 *« r !« ht . ,un « in the transmission 
was divided into three segments, yielding inner and outer zone reeions 
P«v.ousy, we i*ed a similar method of analysis to quantify the Sal 

Hah, nf m ^T- Ae apicsU • nd basal »>»«. the height of the 

ou5v 1^ ^ im ? thrCe eqUal se * ments - * d ««ibed preW- 
ously by Agnew and associates (10). Mean counts per pixel in each of 

tt iT. r? 0 ™ Ca,CUlated ' « nd the 1:0 and A:B ratio for both 
the venulation and aerosol scans were derived. The aerosol scan ratios 
were d,y,ded by the ventilation scan ratios to correct for 
io.SE Wi ! hi V hC Var , i0US regi0nS - Chan «« from base th ^ 
t^^TsS ^ ™ deRned * * b — -ms as 

Mucociliary Oearance 

The effect of riiDNase on mucociliary clearance was quantified by se- 
r^l™T 80f the , right,Ungovera6 - h «»tod Measurement 
raS,^? ^ du I ,ng this time frame "AW* removal of the 
radioUbel from large and small ciliated airways, since alveolar c ear! 
ance occurs over a period of days. The clearance of the tag from the 
right lung was expressed in terms of its reciprocal (retention) The Zter 
the retention of the radiolabel. the less was cleared ftStta |£?£ 
mucoahary clearance mechanisms. Retention was quantified* the oer* 

1 30 V a " d 45 mm - ^ after I, 2, 4. and 6 h. Percent retention was 

asst? total right lws - d for the inner z ™ «* 2 «s 
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(18). The study center was instructed to^e the ""leagues 
ners^^^ 

each pre^ tre^n, 'Z^S^^^*** * 
FlVf atX'x = (FEV|attimeX --^"" e FEV.) 



baseline FEV, 



x 100 



The same calculation was performed for percent change in FVC. 
Chest Physiotherapy 

Chest physiotherapy was performed at the studv mm-r k„ , 
Physical therapist. All patients .ccd^^^S^ 1 ^ 
study site, regardless of the tvne nf rPT »w , T at the 

Statistical Analyses 

and A:B ratios from baseline to Days 2 and 6. using the* tat noTrh 
«n retention of the radiolabel in the total rich, i „ ( : )- Chan 8« 

zone were calculated for each tim! n^, f a " g M 45 in 11,6 imw 

sidered significant at p < 0.05. a " Krences between means were con- 



% Retention at time X = 100% af time 0 - 
% cleared at time X. 



(2) 



J addltl ?n. clearance rates (retention slopes) for the total right lung 
and for the inner zone of the right lung were computed and compared 
for each treatment group for the intervals 0 to 1 h. 1 to 2 h. and 2 to?h 
Coughing during the 6-h measurement period was a r^tial coni 
founder of the quantification of the retention of the radioaerrcol since 

tiated from clearance by mucociliary movement. For this reason, aU oa- 
t.ents were grven "cough cards" at the beginning of each study PaS 
^attructod to .record every cough that oJn* tto^JXX 
after radioaerosol admimstration by making a checkmark on the aud 

Pulmonary Function 

monary function measurements on the two screening visits and on Day 1 



RESULTS 

?n U H a*? 1 **? K .P resented a « a comparison between baseline data 

5 r S a f f bt t" ied °? Day 6 of treatmen <- With the 2; P ?S 
of CPT effects, results from data obtained on Dav 2 of treat 
ment were similar to those obtained on Day 6?and? for that 
son, are not presented here. 

Study Population 

Twenty-one patients were screened for entry into the study one 
paUent was found to be ineligible. A total of 20 patleits were 

SfiZ Z rrnZ^ln Z K 3SSigned 10 P»acebo P and S w" 
assigned to rhDNase, All 20 patients completed the 6-d study. 

Demographics and Baseline Characteristics 

The demographics and baseline characteristics of the two studv 

«E? niS ^ r P - f Sl,8hUy l0Wer mean baseIine FEV, and FVC 

no! «f t?' 3 UraU ° n than 41(1 to™ in the Placeblgrourbut 
«ounf Th C V3,UeS wer f. s tf^antly Afferent betwefn the two 

EZifiZS^J^ significam difference in medica " 

t.on use or physical therapy routine between the two groups. 
Particle Size Determinations 

the Pulmo-A.d air compressor averaged 4.47 um, which was not 
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TABLE 1 



BASELINE 


CHARACTERISTICS 






Placebo 
(n = 10) 


rhDNase 
2.5 mg 61 D 
(n = 10) 


Mean age, yrs 
96 Male 


27.B 
18-44 
30 
70 
167.2 

21.6 
20.7 
58.8 
76.9 
79.1 
16.8 
98.2 


24.2 
18-32 


96 Female 


60 


Mean Height, <m 

Mean body mass index, kg/m 2 

Males 

Females 


40 

170.5 
19.4 


Mean FEV,, % predicted 
Mean FVQ 96 predicted 
Mean NIH score 
Mean Bras fie Id score 
Mean O2 saturation 
Ratios 


20.2 
50.9 
70.9 
75.4 
15.6 
97.5 


Innenouter - right lung 
Apejcbasa! - right lung 
Skew - right lung 
Retention 


1.59 
0.80 
0.68 


1.53 
0.75 
0.79 


Hr 1- right lung 
Hr 6 - right lung 


90.0 
82.0 


90.0 
86.1 



different from the average diameter generated by the dosimeter 
Pulmo-Aid combination (3.78 urn) oosimeter- 

Changes in Aerosol Distribution Homogeneity 

Mean values for skew, I:0. and A:B ratios at baseline and Day 

*5 for W r", abS K° IUte tWms in Fi « ures 1 trough 3^?ec y 
25.2 .? b ° 8r0Up and for rhDNase-treaTed patients 
At baselme, skew averaged 0.68 ± 0.09 and 0.79 ± CU2 fonhe 
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Dav 6 b0 thI 0 a UP ^ rhDN ^e-treated group, respectively By 
Day 6, the average skew value was 0.82 ± 0 14 hi the VdZLS 

™S£S2£J% *V" rhDNa ^ed pa;!e e nf Ceb0 
0 20 for .hi ni' t ° rat,oav «raged 1.59± 0.14 and 1.53 ± 

group and 0.83 ± 0.28 in the rhDNase-treated piteS ftw 
Changes in Mucociliary Clearance 

,h, rS'.T, "° s, « nificant differences in the clearance rate of 

6 h for the two study eroum Nor u«,c *L J , 1 2 and 

oLuuy groups, ay uay 6, the mucociliary clearance rat* in 



Deposition: Skew 



a Placebo 
■ rhDNase 



I 
o 

3 

o i- 
(O (D 




Baseline Day 6 



Baseline Day 6 

Study Day 

Figure 1. Mean absolute values for skew f± SEHor n i ar .i,^ , „ 

patents at baseline and Day 6. Vw^£ £%ZS^W r ,eban) a " d *°N«e-tr«ted (gray ban) 
groups for skew. Y 6 6 no Jtat,stl «»y «gn,ficant differences between the treatment 
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Deposition: 1:0 Ratio 




Q Placebo 
m rhDNase 



Baseline Day 6 Baseline Day 6 

Study Day 

Figure 2. Mean absolute values for 1:0 ratio (± SE) for placebo- (white bars) and rhDNase-treated (gray 
bars) patients at baseline and Day 6. There were no statistically significant differences between the treat- 
ment groups for 1:0 ratio. 



Deposition: A:B Ratio 




□ Placebo 
M rhDNase 



Baseline Day 6 Baseline Day 6 

Study Day 

figure 3. Mean absolute values for A:B ratio (± SE) for placebo- (white bars) and rhDNase-treated (gray 
bars) patients at baseline and Day 6. There were no statistically significant differences between the treat- 
ment groups for A:B ratio. 
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Retention: Total Right Lung 

A 



[J]DNase Baseline Day 
" muNase uay 6 
"°- Placebo Baseline Dav 
•o- Placebo Day 6 





Baseline 

Time (hrs) 

i 9U ^^rx:zT^^ 30 45 and60 . 

baseline and Day 6 TW JIT P ,a 5 e bo- (open ardes) and rhDNasA-fiSJtLi / J ' t * " d 60 mm and 



Retention: Inner Right Lung 



LU 


100 


CO 










90 


c 
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•4— » 
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CD 
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rhDNase Baseline Dav 
rhDNase Day 6 
Placebo Baseline Day 
Placebo Day 6 
P<0.05 




Time (hrs) 
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over this time period. By Day 6, the mean slope of retention for 
the same time period was -11.49, a change of -5.98 ± 3.43, 
This slope indicated that an average of 11.49% of the radioiabel 
had cleared from the inner zone of the right lung in the rhDNase- 
treated group on Day 6. For the placebo group, the mean slope 
of retention was -5.31 ± 3.00 at baseline By Day 6, the mean 
slope of retention was -0.57, a change of +4.74 ± 2.88, indi- 
cating than an average of only 0.57% of the radioiabel had 
cleared. A comparison of the change in retention from baseline 
to Day 6 for the two groups indicated that clearance from the 
inner zone was significantly enhanced in the rhDNase-treated 
group over this time period. 

Changes in Cough Frequency 

All patients coughed during the 6 h after administration of the 
radioaerosol. The average number of coughs over the 6-h period 
for the rhDNase-treated patients (15.3 ± 2.2) and the placebo 
patients (21.9 ± 5.5) at baseline was not significantly different. 
By Day 6, the number of coughs decreased by an average of 299b 
in the rhDNase-treated group and increased by an average of 6% 
in the placebo group. However, these differences were not statisti- 
cally significant. 

Pulmonary Function Changes 

For the placebo group and rhDNase-treated patients, mean FEV t 
values at baseline were 58.8 ± 3.6% and 50,9 ± 6.2% predicted, 
respectively, which were not significantly different. By Day 6, 
FEV, increased by an average of 9.4 ± 3.59b in the rhDNase- 
treated patients and decreased by an average of 1.8 ± 1,7% in 
the placebo group (p < 0.05). 

The FVC values averaged 76.9 ± 4.59b and 70.9 ± 5.59b pre- 
dicted for the placebo and rhDNase-treated groups at baseline, 
which were not significantly different. By Day 6, the FVC in- 
creased by an average of 12.7 ± 2.69b in the rhDNase-treated 
patients and increased by an average of 0.4 ± 1.19b in the placebo 
group (p < 0.05), 

Although FEV, and FVC both improved following rhDNase 
treatment, there was no significant change in the FEV,/FVC ra- 
tio on Day 6 (0.68 ± 0.05) as compared with baseline (0.70 ± 
0.05) in the rhDNase-treated patients. 

CPT Effects 

By Day 2, FEV, and FVC values in the placebo group decreased 
significantly after CPT compared with values for the rhDNase- 
treated group. The FEV, decreased by an average of 4.69b, 
whereas the FVC decreased by an average of 3.69o. In the rhD- 
Nase-treated group, the FEV, increased by an average of 5.19b 
(n = 8) and the FVC increased by an average of 4.19b (n = 8) 
for the same time period. By Day 6, however, there was a de- 
crease in FEV, and FVC values, respectively, in both study groups 
after CPT. The mean percent changes were -4.7 ± 1.3 and 
-3.5 ± 1.4 for FEV, and FVC, respectively, in the placebo group, 
and -1.3 ± 2.0 and -0.2 ± 1.3, respectively, in the rhDNase- 
treated group. These decreases, however, were not significant. 



DISCUSSION 

Effect of rhDNase on Airflow Obstruction 

Prior to the study, we hypothesized that rhDNase treatment alters 
CF mucus such that regional and/or local obstruction to airflow 
within the lungs, as measured by indices of aerosol deposition 
homogeneity, is reduced, and that this reduction is associated 
with improvement in pulmonary function. Results from this clin- 
ical trial do not support this hypothesis. Measurements of pul- 
monary function did show significant improvement by Day 6 in 



Sf r ™^ se *5 reated Patients compared with the placebo groun 
The FVC in the rhDNase-treated patients increased by an aver* 
age of 12.7% and the FEV, increased by an average of 9 4% 
These findings are similar to those previously reported (5). How- 
ever, the observed improvements in lung function were not ac 
companied by alterations in any of the aerosol-deposition pa- 
rameters that are known to be affected by changes in airflow 
obstruction (i.e., I.O ratio, A;a ratio, or skew). Each of these 
parameters showed slight changes in aerosol-distribution unifor- 
mity, suggesting a possible decrease in airflow obstruction region- 
ally or locally, but these alterations were not significantly differ- 
ent from those observed in the patients given placebo High 
mterpatient variability in these deposition parameters may have 
contributed to the lack of statistical differences between the two 
study groups. For example, the coefficient of variation (CV) for 
baseline skew values in the placebo group was 429b. Neverthe- 
less, FVC measurements were more affected by rhDNase treat- 
ment than were FEV, measurements, which resulted in no sig- 
nificant change in the FEV,/FVC ratio on Day 6 (0.68 ± 0 OS) 

?n S rCd ^ baseIi u ne < 0 - 70 ± 0-05). Lack of improvemen 
in this index of airflow obstruction further suggests that rhDNase 
may be acting by a mechanism other than a reduction in airflow 
obstruction These results are dissimilar to those of Ramsey and 
colleagues (5), who reported a 1.29b increase in the FEV./FVC 

^khm 4 P f ^ ^ th CF after 10 d of treatment with 2.5 mg 
of rhDNase twice daily. One explanation for this difference may 
involve the larger patient population in the study by Ramsey and 

fnfhl m 'v 0 /™^ ana . tl ° n ' neither the sma " Percent increase 

nor the smal percent decrease in the ratio in our study support 
the hypothesis that the mechanism of action of rhDNase is to 
reduce airflow obstruction in CF patients. It is unknown whether 
rhDNase reduces airflow obstruction in airways too small to af- 
fect changes measured by FEV„ FVC, or indices of aerosol-depo- 
sition homogeneity. y 

th<0?S? fr T- thC PrCSCnt StUdy are in some wa V s simiI *r to 
those obtained in our previous study of CF patients treated in 

(^^?iwr° r f 11 a ^'u^ e ->rt^ ^ d a P u ' monar y exacerbation 
-J? ( ?' T^ elV ^°/ the 20 patients in our Previous study had 
a mean baseline FEV, of 49% predicted, a mean FVC of 62% 
predicted, and a mean skew of 0.81. These values are similar to 
hose observed m the 10 rhDNase-treated patients in the prieS 
study In the 12 patients, FEV, improved by 12.2% and FVC im- 
proved by 11.3% following hospitalization. Howeve^S im- 

ll%Li ! y 001 units; and the FEV ' /FVC 5iS 

In contrast, eight patients in our previous study had a lower 
mean baseline FEV, (19% predicted) and FVC (31% predicted) 

"tudv TV kCW (, '. 27) than the patient5 in the Present 

lSfS\ n °^^ demonstrated significant improve- 

F^tsn 2m Z liSm SkeW and a mean increase in the FEV,/ 
FVC ratio of 9.2% suggesting a reduction in airflow obstruc- 
tion as a result of their treatment during hospitalization 

It is unknown whether CF patients with baseline pulmonary 
function values similar to the eight patients in our previous study 
would demonstrate significant improvement in indices of aerosol- 
deposition uniformity and FEV./FVC ratio after rhDNase treat- 
ment Results from the study by Ramsey and colleagues (5) sug- 
gest that this might be the case, since the greatest imprUeS 

whn S?m ^ nCUOn T StUdy WaS ex Pe"enced by patients 
who had more severe pulmonary disease (FVC < 70% predicted). 

£ hSrft ™ V haVe itS major ef fect in Roving 

the health status of CF patients by increasing the FVC and thereby 

improving gas exchange, perhaps by reducing the residual vol- 
ume caused by air trapping. 
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Effect of rhDNase on Mucociliary Clearance 

JSSir ^ 1***™ by inhalation of a ra- 

LX^f f er, H n,eaSUrementS ofclca «nce can be confounded 
IlJE * f radl . oae , roso1 ^position within the lungs. Clear- 
ance from the proximal airways is faster than clearance from distal 
H!S b ^ useof ^differences in the.ength of me mVc^v 
K««-«y. rtunoimaiit.es that limit airflow through the airways' 
such as an increase in the thickness of the mucus layer or mu 
coid impaction, can result in more proximal deposition of the 
SfofaT' ^ measurement ° f fa *« clearance S£ Re 
if „/™ T ?T ,,n,,ta . t,0n Can rCSuIt in a more distribution 
Jt Z t a T°' 3nd 3 dCCreaSe in the meas "ed clearan™ 
rate Theorencally, an agent that reduces airway mucus viscosity 

ZSLTf" ai ^° W i im . itati ° n 3nd imprOVC thc deposiUon of 
^Tn^! Cr0 ^ inth ? distalainvays ' thereby 'eadingtoaslow- 
Z«nlJ ^ mU T ,1,arydearanCerat&Fbrthisrea »n, we utilized 
aerosol deposition parameters (Le, 1:0 ratio, A.B ratio, and skew) 

rr^™ PUrP ? S !l l ° qUanUfy re P ro d«cibilit y h, ftSS 

We assumed two possible effects of rhDNase treatment on 
demon reproducibility in our experimental design first we 
hypohe^edthatairflowobstructionwouldbe reduced andiha! 
deposiuon indices would improve as a result of treatment For 
reasons stated earlier, this outcome would necessarily mvalidate 

of tl^ i depos,tlon indices did not change as a result 

wo^bTv5id ncasurement of changes in mucociliary dearanc " 

The effect of rhDNase on mucociliary clearance is less cer 
tarn than its effect on airflow obstruction. After Equant fying 
c 'earance over a 6-h period at baseline, we found 

tre^rn^ T P l° V r ment in C,earance after 6 d of rhDNase 
Raiment. This lack of improvement could not be attributed to 
•Po/edjsuld epositi on of the radioaerosol on Day 6 vSs^S 
line because deposition indices did not change. The mean i oer 
cent retentions of the radioactive marker after 6 h a?basXe 

S T„I d °! P,aCeb ° trCatmCnt Were S2V " and 81 Ce?pS! 
fo? he ^DN^f S 77 n0t - si * nifican tly different from tho« 
M^Sn Z?Z * Pat,CntS ' Wh ° dem °nstrated 86% and 
m /o retention at the same time points at baseline and Dav 15 
re^cuvely. At baseline and Day 6, percent retent on affeM h 
rS f PPr °? ,mately ^ in P ,a <*bo group and the 

and Mortensen and coworkers (2?) 
The, demonstrated that the mean percent retention after 1 hi„ 

St fJEF* ^ ^ Wh ° h3d baSClinC '^eristics sim" 
«ar to those in our study, was approximately 90% 

One confounding variable in the interpretation of the clear 
ancedatamourstudy was the difference in the amoun of ^ 
coLh'H^ PlaC l b ° a0d '"DNase-treated groups. All paSls 
coughed during the 6 h after administration of the radioaeroso 

rhDM '. by ^ 6l the nUmbcr °f roughs decreased Tn the 
rhDNase-treated group and increased slightly, in the placebo 
group. In the study by Ramsey and coU^uJ^. SStl 
K ^ cough frequency and severity wMe be 

mg treated with rhDNase By continuing to cough at The same 
have ? t,V g ;?K tCr ^ Uency ' the P' a ceboIrou P in ourVudy may 
nSr fed hC radioactive ""rker mechanically rather tha^by 

have^ , u a .7J eai ^^ meChaniSmS - ™» raethod of removaS 
col rcs " ,ted ,n s,rmlar Percent clearance measurements when 

*r~ u- ■ be dlfferent - Future studies in which the de- 

ffilS. <e , U8h ! n ! '" matChed for patients « ive " P' a cebo anS for 
rhDNase-treated patients might eliminate this variable, thereby 
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providing a more accurate measurement of the effect of rhDNa*. 

cieaTanS' JE oT"^ "l**** -QuanSmuS^ 
clearance after only 6 d of treatment with rhDNase. Perhaos 
changes in mucociUary clearance would be dete«ableTfteV a £ 
treatment period (i*. several weeks). " g 

zone of° t h 8h , the ratC ° f muc °ci«iary clearance from the inner 

zone of the lune. as measure h„ t».„ ,i <• l " c,nner 

the liau „ . , * "**- ""i^ mention aurine 

tne l- to 2-h period after aerosol inhalation, was sienificant v 
increased on Day 6 in the rhDNase-treated Tg^p, hi S e ' f 

mcreased,dnotcontinueoverthenext4hofmSrement^ 
findings may indicate that a primary effect of rtDNase"s toim 

SSS? nUmbCrS ° f Sub ^ a « needed to vali- 

When measuring mucociliary clearance with radioaerosols 
some investigators (20) prefer to target deposition inXSe 
central airways, because these airways are high lydliatedand cS 
ance time ,s the most rapid. We believe thTthe mosfimporSt 

S^ nant h 0f thC - itC ° f dep ° sition of a ^oaerosSEen 
of the agent under study. When taking rhDNase aerosol patient 
were instructed to inhale slowly, beginning from SiSnaUe 

k e ltnf^ Sam ? ebfe instructing the patients to in- 
fvo In !hil L/mmh StarUn8 from 50% of their vital capacity 
(VC). In his way, we targeted deposition of the radioaerosol to 
the area ln whlch tne rhDNaje ^ ^ oaero«,l to 

,$ n ° rCaS ? n t0 be,ieve that radioaerosol and rhD- 
t^brearhl 0 ^ dCP ° Sking different,y within «■» 'ung", sfnee 

fiS ,1 ^ C x, W ° aeroso,s werc similar - The median particle 
5? um 't 0 ,^ ^ 501 3nd ,he ^aerosol were 4% and 
3.78 urn, respectively. The ~ 0 .7 um difference in particle size 
was due to the use of the dosimeter in line witKeSress" 
when radioaerosol was generated. It is unlikely SffiS 
difference produced significantly different dep^Uon patSs 
Effect of CPT on Changes in FEVi and FVC 

^fcZrl the /u EV ' inCreased by an avera 6 e °f 9.4% and the 
FVC increased by an average of 12.7% in the rhDNase-treat«l 
pat,ents. These values were significantly higher S 

Pl r b0 ' Wh ° d ~uate^a Set 
SSff^ . ' ° and a mean mcrease ' n FVC of 1 1% 
Both trea ment groups showed decreases in FEV, and FVC afte^ 
CPT but he changes were not signirrcant. Results from this studv 

FVC observed ,n the rhDNase-treated patients versus those given 
placebo were unrelated to CPT. s 

In summary, the results of the present study indicate that im- 
provements seen in FEV, and FVC after rhDNase treatment are 
jndependent of CPT We were unable to demonstoteTat rhS 
Nase reduces airflow obstruction, as quantified by changes in 
spirometry measurements and aerosol deposition homogeneity 
or improves mucociliary clearance e=«raiy. 
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